several pathways such as weathering, erosion, fallout, rainwater and human activities into rivers transport and finally ended in the marine environment through estuary (Ahmad-Taufek 2004; Akram et al. 2004 ). In the terrestrial environment, these radioactive series are present in the soil and soil acts as a medium for transferring radionuclides in air and vegetables (Balakrishnan 2015) .
These radioactive nuclides release radiation everywhere in our surroundings to which humans are exposed (Kasoga et al. 2015) . In other words, although natural radioactivity is present at very low levels almost anywhere in the natural environment, everyone is exposed to it in air, food, and water. These amounts in the air are usually so small and do not constitute a health hazard (Yii et al. 2016) . Also, the radiation exposure to the general public is due to unplanned and uncontrolled of human activities (e.g. industrial activities). Thus, uncontrolled activities involving NORM can contribute to ambient radioactivity in the environment, thus unwanted exposure and dispersal pose a risk to human health and the environment. Industrial activities such as oil and gas extraction, coal fired power generation, phosphate industries, zircon/zirconium industry, mining and processing of metals and rare-earth, etc. have been reported as potential sources of elevated naturally occurring radionuclides. The presence of NORM with elevated radionuclides concentrations could be an issue at any stage of an operation from the mineral feed stock, intermediate products, final products and the wastes generated during the process (IAEA 2005) . In the past, the issue of NORM and their potential hazards associated with human health and contaminating the environment often raised concerns by the public but now many efforts on such environmental monitoring are implemented, and the problem can be solved and the potential radiological hazards can be reduced.
Study of the background or ambient radioactivity present in natural environmental samples such as vegetation, water, air, and soil provide vital information as they help to monitor the radioactivity levels found in the surroundings and also give an indication of changes in the radiation levels due to human activities (Hu et al. 2010) . These studies also help to identify and evaluate the distribution of radionuclides in the area (IAEA 2010) . Therefore, the present study is carried out with the primary objective to quantify the environmental levels of natural radionuclides in the soil collected at the vicinity of Lynas rare-earth processing plants and thereby to assess potential radiological hazards to the environment.
EXPERIMENTAL DETAILS

Sampling Area
Lynas rare-earth processing plants are situated in Gebeng Industrial Estate, adjacent to the Balok River. (Figure 1 ).
Soil Sample Collection
About 31 soil samples were collected at randomly selected sampling points surrounding the Lynas Plants ( Figure 1 ) in May 2014 to September 2015 which involved seven trips of sampling activities. Approximately 1 kg of composite surface soil samples was taken using a coring tool at less than 5 cm depth with one-metre square area for each point. Stones, pebbles, vegetation, dried leaves, roots, etc. were cleared and removed from soil samples; then the collected samples were place into HDPE plastic bag, properly labelled and sealed before brought back to the laboratory for further analysis.
Sample Preparation
The collected soil samples were individually weighed, transferred into a steel tray and dried at 105 o C in an electric scientific oven for a minimum of 24 hours until a constant weight was achieved. Then, the dried samples were ground to powder form and passed through a 200 mesh sieving machine. Samples were transferred into a 600 ml Marinelli beaker, weighed and sealed with thick PVC tape to inhibit radon gases from escaping (Yii et al. 2016) . All samples were then stored for a period in excessive of 30 days (>7 half-live of 222 Rn and 220 Rn) to establish secular equilibrium between parents and with their respective radioactive progeny before to gamma counting (Dowdall 2002; Yang et al. 2005) .
Gamma Counting
Procedure for gamma counting was summarized from the technical report by Yii et al. (2016) . All samples were individually counted using high purity germanium (HPGe) gamma spectrometry system with the p-type detector of 25% relative efficiency for 50 000 seconds. It was calibrated using customized gamma multi-nuclides standard sources comprising of Co in the same counting geometry. A container with the same geometry filled with inert materials counted during the weekend was used to determine the background counts. All measurements were corrected to the density and reference date. (Yii et al. 2016 ).
Calculation of Radiological Index
The radiological index consists of several parameters. Among these are:
(i) R a d i u m e q u i v a l e n t a c t i v i t y R a eq concentration index.
R a d i u m e q u i v a l e n t a c t i v i t y concentration index with a symbol of
Ra eq is among well known and most widely used to estimate radiation hazard index or radiation hazard parameter or radiological index. In this estimation, the specific activities of radium, thorium, and potassium in different combinations in soil samples were compared, where Ra eq is defined as bellows (Beretka & Mathew 1985) : (Stranden 1979; Yang et al. 2005; Ahmed 2005 ). For the nonhazardous, the calculated Ra eq should not exceed a maximum value of 370 Bq/kg as reported by UNSCEAR (1982) .
(ii) External radiation hazard, H ex :
To estimate the additional radiological hazard on the people which are daily exposed to the natural gamma radiation from soil, the external radiation hazard, H ex was calculated using the following equation as reported earlier by Yang et al. (2005) and Nabil et al. (2010) : K in soil found to vary from 10.6 Bq/kg to 1160.0 Bq/kg. These results showed a broad range of radioactivity level where some locations appeared to be higher. This noticeable difference may be attributed to the geochemical composition and origins of soil types in particular study areas (Dabayneh et al. 2008; Thabayneh & Jazzar 2012) . Moreover, the higher values of the activity concentrations belong to soil samples which may be attributed to soil types which were probably radioactiverich granite, phosphate, sandstone, and quartzite (UNSCEAR 1993; UNSCEAR 2002).
The average activity concentrations of 226 Ra measured in the present study were comparable to the value reported for offsite Lynas Plant sampling stations during the pre-operational as well as the value reported for worldwide and other countries such as China, Japan, India as summarized in Table 1 . Th) found to be higher average values compared to Thailand, China, Japan and world values. The high variability of result attributed mainly to the typical concentration of the radioactive materials in soil, especially in Malaysian soil (Ismail 2009 K is a more abundance radionuclide compared to other radionuclides in the soils (Thabayneh & Jazzar 2012) . Furthermore, due to 40 K is a highly mobile and easy to dissolve radionuclide, its variation might be due to spreading of widely used industrial materials (fertilizer, chemicals, etc.) at Gebeng industrial area (Yii et al. 2016 (Moore et al. 1995; Krest et al. 1999) .
Radiological Index
The radium equivalent activity concentration index, Ra eq , the external radiation hazard, H ex and the total air absorbed dosage rate, D are summarized in Figure 3 . The radium equivalent activity concentration index, Ra eq and the external radiation hazard, H ex are radiological index, defined as the radiation hazard index which is used to assess the radiation hazard of the gamma ray due to the present of NORM radionuclides (Yii et al. 2016) . Their estimations varied from 19.0 -335.9 Bq/kg (mean: 139.6 Bq/kg) and 0.05 -0.94 (mean: 0.39), respectively. The value of Ra eq found to be not exceeding a maximum value of 370 Bq/kg as reported by UNSCEAR (1982) . Meanwhile, the value of the H ex indices was less than unity (the values of the H ex should be ≤ 1) (Krieger 1981) . Thus, these findings reflected negligible radiation hazard in the vicinity of Lynas plants negligible. In other words, there were no additional radiation level and no radiological hazard that may effect the people living in the surrounding areas. The total air dosage rate for the outdoor environment calculated from the absorbed dosage rate in the study area was found to be varying from 8.6 -157.1 nGy/h with a mean value of 64.2 nGy/h. This was slightly higher than the estimated average global terrestrial radiation of 55 nGy/h (range: 28 -120 nGy/h), 57 nGy/h (range: 18 -93 nGy/h) and 62 nGy/h reported by UNSCEAR (1993) , and 2 -100 nGy/h (mean: 77 nGy/h) for Thailand (UNSCEAR 2000) . The radiological index or radiation hazard parameters at some locations in the study area slightly exceeded the UNSCEAR average range but lower than Peninsular Malaysia might be due to natural occurrence of a relatively high activity concentration of natural radionuclides in the soil at particular locations. Usually, they were attributed to soil types which probably contained natural radioactive-rich minerals such as granite, monazite, quartzite, etc. 
CONCLUSIONS
The activity concentration level of 226 Ra, 228 Ra, 238 U, 232 Th and 40 K measured in the 31 soil samples collected from the vicinity of Lynas rare-earth processing plant were the broad range where some small locations appeared to be higher. These relatively higher values and noticeable difference in some locations might be attributed to the geochemical composition and origins of soil types in particular study areas. Thus, the impacts of these natural radionuclides and the corresponding additional external radiation if any, exposure to the public were almost negligible. Consequently, the measured levels of these natural radionuclides confirmed that there were no hazard effects on the people residing in the vicinity of the Lynas Plant. Apart from that, the finding of this study could contribute to the setting up of a reference level for studies about natural radioactivity in the soil samples of this region in future. 
